A system of short drift distance (0.125") drift chambers is described. This system is being built for use in the Brookhaven National Laboratory Multiparticle Spectrometer. These chambers will be able to handle beam rates of several million/pulse and give a spatial resolution of the order of 150 pm. Cathode readout will provide unique 3-dimensional points for each track. The readout will utilize three custom built integrated circuits, a four channel amplifier-shaper, a four channel discriminator and a four channel shift register delay and time digitizer. A summary of test results on a prototype is also given.
Introduction
The recent history of high energy physics has emphasized the importance of being able to study multibody final states that are produced with very small cross sections, e.g. production of charmed particles and baryonium. To make this type of physics feasible, it is essential to have detectors with large solid angle coverage, high rate capability, and good spatial resolution. In order to provide such a facility we are engaged in building a set of short drift space drift chambers for the Brookhaven National Laboratory Multiparticle Spectrometer (MPS).1,2 Initially the system will consist of 6000 sense wires, but is expected to ultimately have more than 20,000 sense wires. Short drift space drift chambers are the only presently available detectors that offer the capabilities of handling beam fluxes of several million particles per pulse and giving spatial resolution of the order of 150 vm; capabilities that are essential if we are to measure nanobarn cross section in the presence of large backgrounds. Although the system I will describe in the following sections is specifically for the MPS, its basic features are of interest to a wide range of applications, e.g. ISABELLE, FNAL, SPS, etc. I will first describe the chambers themselves, then the electronics being developed, and finally the results from a test chamber.
Chambers
The chambers will be assembled in modules consisting of 5 anode planes. There will be 3X measuring (dispersion plane in the MPS) planes XXX' (X' shifted by the anode to field wire spacing). This arrangement permits us to resolve in the vast majority of cases the left-right ambiguity inherent in multi-wire drift chambers. In addition to resolving the ambiguity, this arrangement gives a slope and a point for each hit, a significant help for pattern recognition. The other 2 planes measure the Y coordinate, only 2 offset Y's are used since there is little magnetic deflection in the Y direction permiting several modules to be used to resolve the up-down ambiguity. One of the Y planes has cathode strip readout, where the strips are at ± 30°to the horizontal; in this way we get three dimensional points on each track, which hopefully will greatly speed up pattern recognition. Table 1 summarizes the chamber parameters. has the glass fibers oriented along the pulling direction, which gives it an elastic modulus (perpendicular to the pulling direction) 2 .'S. -.
"mirror" smooth surface. Although the tolerance on the absolute thickness is of the order of several mils, the uniformity is excellent, better than 1 mil. This material has already been utilized in the frames of a large trigger proportional chamber, in which the material performed as expected.
Field wires and cathode strips are connected to high voltage distribution buses using thick film resistors (" 100KQ) deposited on the printed circuit. Incorporating the current limiting resistors into the chamber structure itself reduces the stored energy directly connected to the wires and consequently decreases the probability of breaking a wire due to sparking. In an effort to improve the signal transmission properties of the anode wires, we incorporate bypass capacitors into the printed circuit at both ends of the field wires and cathode strips (except for the cathodes that are used to detect induced signals).
These capacitors are made by using kapton film with copper laminated on both sides for the printed circuits. Incorporation of the current limiting resistors and the bypass capacitors directly as part of the chamber frames simplifies the construction and structure of the chambers.
We are presently developing an automatic spot welding machine to make the electrical connection between the wires and the printed circuit pads. Because of the need to carefully control the thickness of the frames, dry film adhesives will be used to bond the printed circuit material to the frame. Dry film adhesives are readily available in 1 to 2 mil thicknesses and are activated by heating for just a few minutes; this combination of characteristics affords us, in addition to very good thickness control, rapid assembly and almost no post assembly cleanup in contrast to the situation with liquid adhesive.
The modules are assembled on aluminum plates which will be mounted in the MPS magnet in such a way that they can quickly be removed and then accurately repositioned to simplify servicing a module. Because of restruction in the vertical clearance, the electronics for the X's will be mounted separately from the anode frame on the upstream and downstream faces of the module and will be connected to the'anode frames by short cables and connectors. Electronics for the Y's and the cathode strips will be mounted directly on the frames. 
Electronics
We are presently developing three integrated circuits to perform the function of amplifier, discriminator, delay and time digitization. These circuits will give us 4 ns time quantization, X 1 psec delay and digitization full scale, and a threshold of approximately 0.5 pamps all at a cost of $6-7/channel in > 100,000 quantities.
Separate packages for the amplifier and discriminator were chosen to give better isolation between input and output and to maximize the usefulness of the circuits. These circuits are being developed by LeCroy Research Systems, and prototypes are expected within the next year. Figure 2 shows the configuration of the amplifier and discriminator. Two different ways of using the discriminator are shown; the first is used for straightforward drift chamber use. The second is to be used to give three levels of amplitude discrimination which would permit measurement of dE/dx. Readout speed is restricted by the ability of the output device to drive a capacitive load to approximately 25 MHz. Table 3 summarizes the specifications of the digital delay. it is assumed that it will be possible to gate the clock to the first stage of the shift register and maintain the setup time variation specification; otherwise it will be impossible to read out the first bit in each register which is not a serious restriction. An open drain (or its equivalent) output will be used so that several packages (up to 32) can be wire or'ed together for readout.
In the MPS system we expect to have a readout controller for each group of 500 wires, which when reading out 32 bits/wire at 25 million bits/second with all controllers operating in parallel gives a total readout time of 650 ps. These controllers will initialize the system by setting the enable controls so that all channels can read in data and turn on the fast clocks. When a preliminary trigger,is generated, the controller will stop the fast clocks, holding the data until a final trigger is formed and the readout cycle started. A readout cycle consists of resetting all the enable controls, shifting a one into the first enable control shift register and starting the readout clock, which reads out the first channel. When the desired number of bits (32 for the MPS) have been read from the first channel, encoded and stored in cache memory, the one is shifted to the next channel, enabling the readout of channel 2; this process is repeated until all channels in a given subsystem have been read into the controller. Data from the cache memory is transferred to main data storage, and the system is ready to be reinitialized. If, on the other hand, no final trigger was formed, the fast clock would be restarted.
Although these three integrated circuits are being developed as a complete system, they should as individual components prove useful generally in high energy physics experiments.
Test Results
As an initial step in the development of this system, we have built a small prototype chamber with 3 planes X'XX to test different gases and prototype electronics constructed utilizing existing circuits. The test chamber is similar to the proposed chambers except it has a drift distance of 0.1 inches and 0.0007 inch diameter anode wires.
Since this system will be incorporated into a major facility that is often operated by physicists with limited experience with the system, it is essential that the gas used in the chambers be chosen to give stable operation, safety, long chamber life, and ease of data processing. Measurements Figure 4a and for Ar-CO 2-C4H oDimethoxymethane in Figure 4b; 
